The VIPing ligand was manually synthesized on Rink-Amide-AM-Resin (200-400 mesh) 1% DVB at 30 μmol) (Scheme S1). According to the standard Fmoc procedure, 2 a 5-fold excess of amino acids (150 μmol), HCTU O-(1H-6-Chlorobenzotriazol-1-yl)-1,1,3,3,tetramethyluronium hexafluorophosphate (62 mg, 150 μmol) and NMM (Nmethylmorpholine) (33 μL, 300 μmol) in 0.5 mL of DMF were used to activate the protected amino acids. Deprotection of Fmoc group on the coupled amino acids was performed using 20% piperidine in DMF 30min, Dde group on the coupled amino acids was performed using 2% hydrozine in DMF 30min.
80 mg of Rink-Amide-AM-Resin (30 μmol) was added in a glass solid-phase reaction vessel with a fritted filter. 1 mL of DMF was added to the resin for resin swelling, waited for 30 min, and then removed the solvent by filtration. A solution of piperidine 200 μL and DMF 800 μL was added to resin and the mixture was rotated at room temperature for 30min. The resin was then washed with DMF. A solution of Fmoc-Lys(Dde)-OH (79.8 mg, 150 μmol), HCTU (62 mg, 150 μmol) and NMM (33 μL, 300 μmol) in 1 mL of DMF was added to resin and the mixture was stirred at room temperature for 2h. The reaction solution was removed by filtering. The resin was then washed with DMF, followed by deprotection of Fmoc group steps. A solution of Fmoc-Lys(Biotin)-OH (89.2 mg, 150 μmol), HCTU (62 mg, 150 μmol) and NMM (33 μL, 300 μmol) in 1 mL of DMF was added to resin and the mixture was stirred at room temperature for 2h. The reaction solution was removed by filtering. The resin was then washed with DMF, followed by deprotection of Fmoc group steps. A solution of 5(6)-TAMRA (19.4 mg, 45 μmol), HCTU (18.6 mg, 45 μmol) and NMM (9.8 μL, 90 μmol) in 1 mL of DMF was added to resin and the mixture was stirred at room temperature for 2h. The reaction solution was removed by filtering. The resin was then washed with DMF, followed by deprotection of Dde group steps. A solution of 3-(diisopropoxyphosphoryl) propanoic acid (35.7 mg, 150 μmol), HCTU (62 mg, 150 μmol) and NMM (33 μL, 300 μmol) in 1 mL of DMF was added to resin and the mixture was stirred at room temperature for 2h. The reaction solution was removed by filtering. The resin was then washed with DMF, followed by DCM washing. The conjugates were cleaved from the resin using a 0.5 mL of TFA-TIS (Triisopropylsilane) (95:5) mixture (2 h 
Detection of endogenous phosphorylated proteins from E. coli whole cell extract with Diamond ProQ or VIPing
Detection of endogenous phosphorylated proteins in the whole cell extract of E. coli BL21 strain by Diamond ProQ or VIPing was performed ( Figure S4 ). The whole cell extract was also treated with CIAP. The CIAP-treated samples were equally divided and one was spiked with standard phosphoproteins, β-casein and ovalbumin. As shown in Figure S4 , both methods were able to stain phosphoproteins in E. coli cell extract (Lane 1). The signals were due to protein phosphorylation since most signals disappeared when cell extract was treated with CIAP (Lane 2). As compared to Diamond ProQ, more phosphoproteins were detected by VIPing from Lane 1 and fewer non-phosphorylated proteins after CIAP treatment were detected by VIPing from Lane 2. Phosphoproteins βcasein and ovalbumin were clearly detected when spiking the five-protein mixture into CIAP-treated E. coli cell extract (Lane 3), and their intensities were similar to those from the five-protein mixture alone (Lane 4). 
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